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Practice of Deternining the Temperature of Individual larts of
Lunar Surface

by
YueNeChistyakoy
This report ccntains preliminary results of measuring the temperature of indivi-

dual section3 of the lunar surface with a dimension of 1,%5 X 1,'5, Observations
were ocarried out with the aid of a vacuum thermoelement with a sensitivity of le;. set
un in Newton focus of 13® of the reflector at the Abastumansk Observatory, Anslysis
was made by the lenzel method, scmewhat modified by the euthor, The amount of water
vapor determining the absorption of planetary heat in the atmosphere, was calculated
in accordance with Hann formula poverning absclute humidity at the surface of the Earth,

The following results have been cbtaineds

l. Temperature of t.ie subsolar point near full moon (phase angle + 17,2) equals
4,00°£30°K,

2+ Temperature of seas is higher than the temperature of close by continents,

3+ The ratio of radiometric albedo to the one visual for individual sections
is equal to such a ratio ¢f albedo average over the disk,

The deteraination of temperature of upper layer of the lunar crust appears to be
an effective means of investig ting its structure,.liost canplete data on the
tewmperature of the lunar surfuce were obtained by Fettit and Nikol'skiy by thermoele=

ectric meaaurementsﬁ.. 21.11: the USSR the determinatio of temperature of individual
nerrow zones of the lunar surface was undertaken for the first time at Pulkovo by
AJV.Markov and the authorpl with the ccoperation of relelel'tser., This report contains
results of measuring the temperature of surface sections, having angular dimensions
1,5 X 1,'5. Such an investigation i{s of d.uble interest. First of all, a study of

the chunge in surface temperature of sections, bulongiug to various forms of outlines
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and situated in a row, but in di"ferent secticns of the disk, may reveal the hetero-
geneity of their structure. On the other hmd, a comparison of temperatures, derived
by the optical method, i.eewith the aid of a thermoelement, and by radio methods will
enable to define more closely the magnitude of heat conduction and to compile a more
detadled chart of the structure of upper layers of ths lunar cruss$,

Unfortunately, because of unfavorable weather the author has not succeeded in
obtaining sufficiently larger observation meteriel,Consequently the results have a
preliminary nature,

When computing the temperatures was employed a method, introduced by renzel E;] .

The idea of the method lies in the following.,Each section of the Moon is measured twi-
ces with water or glycerin filter and without same. When observing with filter from
the total energy s ream , coming from the Moon, is separated a part, due only to light
reflection, Deducting the wvalue,corrected for partial absorption in filter,from the sum-
mary stream, it is possible to chtain a magnitude of the stream,due only to ma tural
thermal emicsion, It can be calibrated in accordance with the magnitude of the reflec—
ted = T~ stream, provided the solar constant and reflectivity of the Moon are known,
and they can be expressed in units of energy, or in temperatures,

Assuming for the i-section of the surface at a certain phase angle alpha J’} ()
the rejection of the galvanocmeter when observing without a filter, i,e.rejection
due to summary flow,

J'ib (% )= rejection when observing through filter, i.e, rejection, due to reflected
stream (beam), by parsially weakened filter

rg,b - passing by filter of reflected radiation,

Then the rejection, due to tosally reflected beam, will be equal to Ji.fta) =
J‘}Z (2) end the

t I (8) = JF(s) — ’ip‘:‘—’-. )

We will designate these values , but liberated from absarption in the instrument

—— rejoction due to beam of thermsl radiation

aud in the atmosphere, respectively lyi (o), Ii.n (D and Ii'k ()
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It is apperent, that

“ @ ~E @) ~ T, /2)
where I, (O¢) = thermal energy, emitted by i-point. Ty («) - hts temperature.
In role of a standard for celibratiom it is possible to use any j=yu point, measured

at any given other phase angle Q. Ter it

17 () ~ B )~ oTh 2 e, (3)

ref
where 33. 1 (Q’) = energy, reflected by j-point; T, - temperature of absolutely black
body, emitting energy, equal to solar constans; R-distance to the Sun, 8.0} AJ -
albedo (brightnesa factor); N, = erayness coefficiens; g?J(Ot )=phase functiom.

The coefficient of proportionalisy in expressions (2) and (3) is identical.lt

equals
ak(t),omega

vhere a is the sensitivity of she apparatus at the initial momens $, 3 k($)- mlti-
plier, taking into comsideration the change in sensitivity in time; cmega - solid
angle, out out by the receiving area of the thermoelement,

From equations (2) and (3) for moments ¢ and t' and the phase angles corresponding
to them xand ' we fimd

TS ™ A k() /0
T‘ (@)= R: l“"“')) ": ’(.)k((‘) . (J

Or taking into comsiderat ion that

. n_ J15(3) 7 w)
ro=TQ e me=50 (g

!
whoro?l(q) « passing by instrument and atmosphere of thermal radiation.p 3 @ -
the very same value for the reflected rediation, we vin obtain

4

T._l/ I pepy(8)A, L RE) ./;.':'/‘
RV ey ye) AT

Wheng = gand & = § term (5) trensforms into an ordimary formla by Mensel

\
=l “/ (B. ) 2lig ), (é/'

R'h w, P

(ba) (e

T (2)=

where ) w, =

T
S

-t
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This formula was used in the cambined cperation of A.VeMarkov and the autbor [4le

But calculation by formla (6) of temperature of smll sections at eonsiderable
phase angles may lead 30 substantial errors, singe the radiemetric valumes Li“.m"
q:.“ (@) for individual sections are unknown, In case, if the sensitivity of the
apparatus would be constans or there wonld be the possibility of controlling its ree

lasive change, it would be possidle to obsain 9':'4 (X ) directly from observations, or

oy TG0
00 &

The values Ij"*f1 (0 0) were measured close to full Moon,

At present tims the values of radiometric albedo of individwal points are un-
knowa, Pettit{l] determined only the mean albedo for the disk ATM = 0,135,

It can be assumed, that radiometric and visual albedo of poinﬁg:nmctod vith
mean values Ay in the following manners

A’“=::—:;A3“. . / g )

The sign Odesignates the mean albedo for the disk. The value A"S® for individual
points and the value AYi® are listed for example , in the Sytinska report [5] .

Seetions eut eus by the receiving area of the thermocelememt are heterogenesocus,
they, as a rule, contain also sea and continental formatioms, That is why the albede

of the section should be celculated by formula

rad
r.d-‘a..s“.*‘zgts‘mt

A 8

whereby S = ﬂ... + B“ntu.

Here A% and A58, - redicmetric albedo of the sea and gomtinent respectively,
Sgeq 80d Syong = areas, occupied by sea and continent,

The values ASS and L:::, were found by formula (8) for points,situated within
limits of measured sections or near them, In order to reduce errors, originating at
such a method of determining A{".‘ 1t is possible to introduce into farmla (4) ine
stead of individual values Ay and Iy their mean values
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where n = total number of measured sections,

—~~ -

FigesleThermoelement in Newtom foous 13® reflectors:
l=thermoelemens; 2-ad justment ocular,

The grayness coefficient was acceptes as unifarm for all sections and equalling

0¢9¢ The final expression for Ty(0) will then acquire the form of
IO

4 T (
ST paa —— J-(1)— il
Toy/ AP ‘/ 5 ko), (4
Ti(3)= R'.a‘/ Ty X T wa) k(¢t) ‘)
The observation material used in the experiment, was obtained on a 13° reflector

~

of the Abastumansk observatory. As radiation receiver served a compensation thermo-
element (fig.l) with fluorite window with a sensitivity of about 10 v/w set in Newtan
focus of the reflsetor, The thermoelement was made at the laboratory of wof.B.P,
Kozyrev at LETI, It receiving areas had the form of asquares with 0,7 mm sides, which
during the focusing of the instrument at 1600 um enabled to mark on the image of the Moon
sections with a dimension of 1',5 X 1%,5.

The eonstruction of the thermoelement assured reliable jointing along the selec-

ted seotion, The thermal currens$ was registered with an M-21/5 galvancmeter, with a
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sensitivity of 3 - 10~9 ::.'. Deviations of the galvancmeter were recorded on photo
paper,

The filter ~— intended to separate the reflected beam, represented a glass bulb,
filled with glycerin, The thickness of each of the bulb walls - j mm, thickness of
glycerin layer « 10 mm, The filter was placed directly in froant of the thermoelement
(£ige2), When the filter was introduced in the converging beam the focus of the instru-
ment wvas increased somsvhas.Refocusing and movement of the filter were realized by

electris meotors,

The observations were carried out for a period of shree nights in March of 1959,
selenographic coordimates of the measured sectioms are given in table 1. Their posie
tion on the disk is shown in £ige3, Directly from the observations were obsained the
values of rejects J% () eand J‘i\' (X ). Yurther prosessing was done im accordance with

the theory, explained above,

Fige2, Glyoerin filter; l-glycerin filter; 20motors for shifting
the filter and refocusing,

The magnitudes of passing the refiected and thermal radiasions were obtaimed
in the following menner, It is known, that passing into the IK zne of the mpectrum
is determined fully by the presence of strong water vapor abscorption bamis, If its

amount is definite , e,getccording to data of soundiug the atmosphere, then the cal—

FID-TTw62=1514/1+2 6




culation of abscrption is done on the bases of Adel' data (6], by the previcusly used
method[3]. Hovever in Abastumani it was impossible to determine the amount of vater
vapor in an experimental way, Consequently it becames necessary to use Hann's empiri-
oa) formula, This formula binds the amount of water vapor in the column of the atmo-
sphere over 1 o of terrestrial surface (so-called settled waser) with absolute humidity
at the surface, It has the form of
dm=17e, / X
wvhere 4 = settled water, om, e, = absolute humidity, eme o
On the days of obeservation d varied from 0,35 to 0,55 ome Since formula (10)

has a atatistioal sense,one can doudt in the reality of these flucsuations,

m'—»:"“ F“"'rj" T N o
el '- : CEa .

o
4 .

.b\."_““.; o 0!

L -

{ r ~ 4

PR .

el BT Lo
LL&E-‘ L\.\,,__,\’k_

[P OV 1

Fig.3e.Fosition of measured sections on the Lunar disk,Numbers correspond
to numbers of seoctions, point dehotes position of subsolar poins,
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Cemsequensly &uring the rrocessing was adopted a mean value 4 = 0,5 em for three
nights, The error in determining the final temperature value was calculated by us un-
der the assumpsion, that the error 4 may reach 100%,

The passing coefficient, for reflected rediation were obsained on the basis of spect-
ral coefficients of transparensy, measured by rm)'g] at Mount Wilson. The acceptance
of his resulss is due to the fac$, that the transparency coefficients for Abastumani
(8, 9] 4n the interval of wave lengths of 0.38 - 0k3u and 0u53 - 0.57, are olose te
the Foul cosfficientss for the v ry same intervals ., "rrmproney coefficients in a
mich longer wave zone for Abastumani have not been determined,

Lesses in optics have been considered on the basis of passing curves of the flue-
rite and glycerin filter, obtained in the laboratery of B,P.Kozyrev, The reflection

coefficients of the mirrors were accepted as equalling 0,95 for the long wave and

LK)
7]

0,85 for the short wave.

Joo

Fige4,Temperasure distribustion slong intensity equasor,
1-25/26 III 1959; 2-28/29 III 1959; 3~ 3A/1 IIL/IV 1959

The value X, , = 0,128 determined by formila (9) for twelve poinss, observed at
minimum phase angle, equal to + 17°,2, At such a phase angle the phase function plays
already an important role, that is why it mast be introduced into expression (9),

A mean value {§ (17°%2) = 0477, used by Pettis (@7 vas used for the entire Mocn,

0
Finally it oan be assumed, that k (t) ¥ 1, because the arop in sensitivisy of
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the thermoslemens for the period of observasion (7 days) is disregarded little.
Aftser substituting the numerical values formula (9) acquired the form

4 J-'-'l' (Q
Jie) —
T, () = 88° ‘/——m—w:(%— (/ y
atmefl

vhon?i (%) = combined passing by atmosphere and fluorite of thermal radiatiom,

Results of processing the observations are listed in table, Temperature distribu-—
tion along the intensity equator are shown in fige.h.

The mean square error of absoluse temperature value equals & 30°, The internal
convergense of the resuls is alm $§ doubly higher, because it is affecded only by
the errors of measuring the registrograms and by the error of magnitude 9;“- m(Q Yo

Table
Ne.of | Fosition of seetion r.u lanbda  (%0)
see¢ 25/26 - I | 28/29 — 1 [31/1—MM—IV
Mons 0= +17°2 e = 459 L e = < 9T
1. Continent toward S from Sea v °
of Profusion -7  +7 | 290 - -
9. Sea of Profusion -3 + v9 3.3.5 — —
) Continent toward 0 from Ses of
' Profusion 7 -3 T3 | 3¢5 | — —
4. Continent M4 from Gimperch -2 |+ 9 Z 90 325 | —
5. | Continms NE from Fiolomeis - | - y 795 2 45 —
‘. “Oceanus Froeellarum to ¥ of o
o | lendsberg == 1t+3 | 22 | Yre 250 -
72 Oceanus FProcellarum between
|_ Kepler and Falemstid I B R /A IR 5 -2 - F20
2, Oceanms Frocellarum between ‘
—— | Flamsteal end Grimeldi Ty | -5z —~ 1 3% | 3¢5
2 _Continent to north of Gevelinis | +. 5 | - 72 | 345 [ —
10, Mare Imbrium to SE from Arc <+ 24 T~ ﬂ""“' 3’2;3 ' o -
L.l | Apennines 117 1+ ] 9/ | -- -
2 | Sea of Clouds — i -1 1 392 — -
5. | Contimen$ at Alphons . gy —
s -2 J5Y - L

The obtained results allow to draw the following conclusions,
the temperature .
1, ¥ithim limits of ——-—— errers of the subsolar point for phase o = ¢ 17°,2
coincides with its theoreticel value of 3F5° obtained by Pettit fer full Moon,
2o As is evident from comparing points 10, 1l and 12,13 the temperature of the

seas is higher than the temperatures of the continents ad joining same,

FTD=TT-62-1514/1+2 9




In spite of the facs, that the difference in tempsratures is less than 10°, it is

no douds real. The fact is, the ratio of she sub-root ——————expressions of formula
(10) gives oy, — it |
_____’ Po_ Puope Eure — ups* Puope . ( ] I)
Juope —Tucte P Ellpe JiSpe-pupe
Py

Since at the time of measuring two adjacent poinss the atmespheric conditions do

not change subssansially, it can be assumed that ! MK --Q sea*

Then Jue _ Ex.
T Bl (12)
'tk

Tor each pair of points calculations give Ti!- = 0,93 £ 0,02,
sea
3. The latter indicates the correctness of equation (8), It is apparent that

E:'..tl—-A:',‘. ('/3}

EStpe 1A
Having substitused here the values A from (8) we will obsain a meen value for
tvoe Dairs -
2 = 095 +0.02, ( 1)

nope

whieh iz in excellent conformity with previous result, It means that the ratio of
visual and radiometric albedo of individual points is equal to the very same rasio
of average albedo along the disk,

The obtained results point toward the possibility of sufficiently reliabdly deter-
mining the temperature of individual sections of lumar surface, by using the given
apparatus and method, To increase the accuragy it is necessary to know positive .y
the amount of settled water and have the possibility of controlling the sensitivity
of the epparatus, The obtainment of larger volumes of observation material with con—
sideration of the above stated will allow to meke defimite conclusions about the
structure of upper layers of the lumar cruss,

In econclusion I consider it an obligation to express thanks to the director of

the Abastumansk observatory for offering the possibility of obtaining obeervation
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nmaterial, thanks to prof.B.P.Kozyrev for the thermoelements developed by him, and te
Ir of Phys.Math SceA,Y.Markov for his supervision over the scientific functions,
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Indicatrices of Reflection of Individual Sections of the
LOunar Surfaee

by
NoP,Barabashov; V,I,Yezerskiy
By applying the primeiple of optical reciprocity to data of a photometric oca-
talogie of the lunar surface V.A.Fedcoress[2] obtained indicatrices of reflection of
individual sections of the lunar surface and a comperisom of same was made,

A graphic and convenimt form of presenting the dependence of reflected properties
of surfaces appears to be a reflection indicatrix,

For the surface of the Moon the reflection indisatrix was first derived by N,S,
Crlova{i], For this purpose N,S.Orlova used date of photometric cutalom.u[z.s:j on
the reflectivity of lunar details and finally obtained indicatrices for the refleection
of continents and seas, situated along the intensity equator, assuming, that for each
type of objeoss there is a photometric homogeneity,

Later N,P.Barabashov and V,I.Garazha @] having applied principally the very same
method, have also formulated indicstrices of reflection for continents and seas, situ-
ated along the intensity equator,

a difference
In the above mentioned experiments were revealed /~ ., true, very insigni-
ficant, in the form of continent and sea indicetrices, which should be caused in turn
by & certain differense in microstructure, defining the refleetion indicatrix,

It appears to be interesting to formulate reflection indiscatrices also of indi-
vidual sections of the lunar surface (even if for single values of the angle of in-
cidenee), situated not only near the intensity equator, but also ovar the entire lu-
par disk. These data should allow for & mere definite comparison of reflective pro-
‘perties, and consequently, also the microstructure of details of various morphologi-

cal types and situate. in various sections of the lunar disk,

PTD=-TT=62=1514/1+2 12




For this purpose vere used data of the photometric catalogne of V.A.Fedoress(2]e
The processing consisted in the following.

Trom the data- - available for each detail conserming the dependence of bright
neas upon the phase angle alpha, angle of incidense and angle of reflection ¢ were
selected only these valwes, which could possibly envelop a greater range of angle of
incidence values i atg, distinguished by not more than : 1° and scmetimes even not
more than % 0°,5,

In order to take under consideration the difference in albedo, the brightness
velues were brought, in unison, to & value, corresponding to a minimum valune of the
phase angle (@ = 1°,5).

Using the reciproecity irinciple introduced by MtnnnrtES]. according to which
B(¢od) = iﬁ'{l o We will obtain the interesting us dependence of the brightness
upon the angle of reflection at a fixed value of the angle of incidence,

Compared will be seotions, the selenographic longitudes of which are not too much
different and which are situated symmetrically relative t6 the intensity equator.

If we were to introduce additionally the lav of signs for reading the angles of reflec-
tiocn, ther we could also compare sections , for which )y =2 ¢ \; and 1 o2 Yoo

This lav consists in the following, If the value of the selenographiec longitude
of the detail is included within the limits of the interval, enveloped by the seleno-
graphic longitudes of the Sun and Earth, and the incident and reflected ray lies as
if along various sides of the normal, then a negative value is acecepted. Otherwise,
vhen )“O' and )\, e on one side from A, we consider the angle as positive, Further-
more, it should be taken into consideration, that the minimum attainable value of the
angle of ingidence, and after transformetion of the reflection angle, it becomes
aproximately equal to the selenographic longitude of the detail,

This rule was taken into consideratiom when plotting graphs figel-ll, on which
final data are resented, And so, to the left “fn:l.n are situated negative values,

$0 the right of it -« positive ones,

FTD-TTw62-1514/1+2 13



On all graphs are given the numbers of desails acoording to the catalogue[2], their
names, selenographic coordinates and values of the incidence angle,

Examination of data given in fig.l=ll lead to the following eonclusions,

l. As a rule, the data of the compared sections close to each other, in any evemt,
within limits of possible errors, and their indieatrices to coincide, This pertains
above all to sections, where brightness rises rapidly and reaches maximum value, For
values of refleetion angles , exceeding 40=50®, in sections, sufficientlt removed
from full Moom, there are sometimess noticeable discrepancies., This may be due to the
difference in imclinetions of the effective, in the given interval of angles, phase and
reflection angle of the reference murfaces, But the ecoincidence of indisatrices in
the zome of rapdd rise and drop ef brightness it should be due to the shade effect
of the reference-surface of a mich higher magnitude, Attention is attracted by the
close coineidence of indicatrices of details No 37, 167 (continenss) and No,99, 160
(seas), shown in fig.3.

Inpressive are also dasa fig.6, vhere are [resented the marginal sections () R
2 60°).In this case coincide also the displacements of the brightness maximum with
respect $o full Mooa.

All the characteristics revealed during compering the reflection indicatrices
of individual sections are supplemented and the previocusly made conclusions abous
photometrie homogeneity of the lunar surface (6] are being developed,

2, The indicatrices of light reys and situated in line with the zones coincide al-
g0 in details, which oonfirms the previously made 61 conclusion about the fact that
light rays acquire photometric structure of these areas, in whick™ they are si-
tuated, This ecan take place under a econdition , if the particles of the substamse of
light rays have dimensions considerably smaller than microrelief irregularities,de-
termining the indicatrix of surfece reflection, and are arranged over that surfaoce
in a sufficieatly thin layer,
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3¢ A noticeable divergence in indicatrices is revealed vhen eompering (f£ig.10)

the central part of the Clavius crater with inner and ocuter inclinations of its shaft,

The brightmess of the shaft increases more rapidly, tham the brightness of the sentral

part of the orater, As is evident from fig.ll, is also defined the Wood spot possessing,

in entire visibility, a greater degree of dug up relative to the compared aones,

Some caleculations for the present experiment were made by 0,Ssarcdubsseva, for which

I do express my thanks,
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